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PREFACE 


This report is part of a research project to determine how apple packing 
methods and equipment developed for other varieties can be adapted to require- 
ments of the McIntosh variety. This work is designed to permit packers in 
the New York-New England area to share in the benefits of research and devel- 
opment work already completed in other areas. Where these methods and 
equipment items prove unsatisfactory for the requirements of the McIntosh 
variety, new methods and equipment will be designed, developed, and tested. 


As a part of this overall project, an experimental line was assembled 
and installed in a commercial apple packinghouse. This line incorporates 
the latest developments in apple packing equipment, and will serve as a 
basis for further developmental work. 


The work was performed under the general supervision of Joseph F. 
Herrick, Jr., Agricultural Economist, Transportation and Facilities Branch, 
Marketing Research Division, Agricultural Marketing Service, U. S. Department 
of Agriculture, and John L. Matheson, Farm Products Promotion Coordinator, 
Division of Markets, State of New York Department of Agriculture and Markets. 
Many helpful suggestions were received from Frederick C. Winter, professor of 
Industrial Engineering, Columbia University, and consultant to the 
Transportation and Facilities Branch. 


Glen A. Robinson, Division of Markets, New York State Department of 
Agriculture and Markets conducted the bruising and sizing tests on the 
experimental line. The Trescott Company, Inc., Fairport, N. Y., installed 
the line under a research contract with the U. S. Department of Agriculture. 
Palmer F. and Budd Hart, Red Hook Cold Storage Company, Red Hook, N. Y., 
supplied the plant in which the work was done. Many packers and agricultural 
researchers from the State of Maine contributed to the early planning of 
this project. 
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SUMMARY 


An experimental packing line for McIntosh variety apples was developed 
by combining improved work methods and the latest commercially available 
equipment. These improvements enabled the McIntosh apples to be packed me- 
chanically at a lower labor cost with no increase in injury to the fruit or 
in the number of off-grade apples in the packed fruit. 


The labor cost, at $1.25 per hour, for performing all packing operations 
at a plant handling 50,000 boxes per year, dumped at a rate of 900 boxes per 
day, was 14.4 cents per dumped box. Equipment cost 7.9 cents per dumped box. 
By increasing the volume to 150,000 boxes per year with 1,200 boxes dumped 
per day, these costs could be reduced to 11.7 cents per dumped box for labor, 
and 3.6 cents for equipment. 


Each test lot of bruise-free apples was tested with a Magness-Taylor 
pressure tester. This device measured the resistence of the apple flesh to a 
plunger. The lower the resistence recorded on the pressure scale, measured in 
pounds of pressure required to force the plunger into the apple, the more 
susceptible the fruit was to bruising. 


Fruit testing only 9 pounds on the firmness scale suffered 21.6 percent 
bruising after traveling over the complete line, fruit at 12 pounds showed 
4.5 percent bruising, and fruit at 17 pounds only 1.4 percent bruising. 
Fruit testing 9.5 pounds was used to test the automatic box filler, and 
bruising amounted to 6.4 percent. When fruit testing 16 pounds was used in 
this test, bruising was reduced to 1.9 percent. 


When the sorting crew was increased from four to six, productivity of 
the cell packers more than doubled. With six sorters, the packers no longer 
had to inspect each apple before packing it, but could pick up apples with 
both hands and place them into the cells. This increased productivity was 
accomplished with no increase in the number of below-grade apples in the 
cell-packed cartons. 


Precise sizing did not occur with the dimension sizer. Greater accuracy 
may be possible by closer adjustment of the equipment but these sizing errors 
will continue until a way is found to position apples uniformly in the cups. 
However, other methods of sizing that are in common use in the industry are 
little, if any, more accurate. 


AN EXPERIMENTAL PACKING LINE FOR McINTOSH APPLES 
An Interim Report 


By Stanley W. Burt, industrial engineer 
Transportation and Facilities Branch 
Agricultural Marketing Service 


INTRODUCTION 


Packing high-quality apples has placed a burden on apple packers' 
methods and equipment. Many have had to abandon mechanical packing lines 
and resort to hand methods to obtain quality packing. Technology in apple 
storage, handling, and packing is changing rapidly, and the market is becoming 
more demanding. On top of this, many packers are facing increased production 
with packing facilities which are already taxed. More efficient apple packing 
methods and equipment are needed to meet the problems arising from these 
changing conditions. 


About half of all apples grown in the New York-New England area are of 
the McIntosh variety. In some States this variety represents nearly three- 
quarters of the apple crop. Besides being the predominant variety produced 
in the eastern area, the McIntosh is also one of the most tender and easily 
bruised. Any packing line that meets the demanding requirements of the 
McIntosh variety will be suitable for use with other varieties as well. 


The first step in the development of a mechanical packing line suitable 
for McIntosh apples was to assemble a line consisting of the latest commer- 
cially available equipment and install it in the packing room of a commercial 
packer. This line was tested, revised, and then tested again to determine: 
(1) The cost of labor and equipment for packing apples, (2) the amount and 
severity of bruising and where it occurred, (3) effectiveness of sorting 
operation, and (4) accuracy of the mechanical dimension sizer. 


DESCRIPTION OF THE PACKING LINE 


The experimental apple packing line consists of equipment which is 
commercially available. It is experimental to the extent that the combi- 
nation of equipment has not been tested before with the McIntosh variety, 
although each item of equipment has been used successfully with other 
varieties and in other areas. The items were assembled into an experimental 
line to determine whether the advantages of mechanical packing could be 
applied to the McIntosh apple, and whether the equipment could be modified, 
if necessary, to meet the requirements of the McIntosh variety. 


A layout of the complete packing line is shown in figure 1. This line 
consists of the following components: 
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Figure 1.--Layout of experimental packing line. 


Dumper.--A drum-type box dumper supplied by a 20-box capacity friction- 
chain conveyor (fig. 2). The box is held firmly against rubber V-belts of 
the dumper by two forks. As the drum turns, the box is tipped over, apples 
are deposited on the V-belts, and the box is lifted off the fruit by several 
of the belts. The apples are carried forward by the V-belts to a spreader 
belt. Empty boxes are carried off and fall onto a gravity conveyor on which 
they accumulate until removed. This dumper has an adjustable rate, with a 
maximum dumping capacity of 600 boxes per hour. 


Leaf eliminator.--This is in common use in the Northwest, but is untested 
in the Northeast. This equipment is an endless series of rollers identical 
to those on the sorting table. These rollers, while turning, carry apples 
from the spreader belt to the sorting table. During this journey, leaves and 
other debris fall between the rollers into a collecting bin. 


Sorting table.--Consists of a series of rubber-covered rollers (2-3/8" 
diameter and 3" on center) which travel forward and rotate at the same 
time (fig. 3). Each rate--translation and rotation--is independently adjust- 
able. The sorting table receives apples from the leaf eliminator and carries 
them in lanes past the sorting stations. The table surface is well lighted 
with recessed fluorescent lights. Each sorter is provided a side chute for 
disposing of cull apples. All of these features were incorporated into the 
table design to permit a complete sorting job by the sorters so that packers 
would not have to reinspect the fruit. Free of the burden of reinspecting 
fruit, packers were able to more than double their output of packed apples. 


Brusher.--This is for removing residual spray dust and polishing the 
fruit. It was installed for use with other varieties although it was not used 
with McIntosh apples. 
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Sizer.--A high-speed 
dimension-type apple sizer, 
capable of sizing 350 crates per 
hour into 6 size groups (fig. 4). 
Dividing the cell-pack apples into 
6 sizes, as opposed to only 3 or 
4, gives a more uniform, more 
attractive, and better-protected 
pack which has greater appeal to 
both buyers and consumers. 


Return-flow belt.--From the 
sizer, apples are delivered via 
take-away and distributor belts to 
the return-flow belt. The return- 
flow belt is, in fact, two 
adjacent belts traveling in 
opposite directions; it is di- 
vided into sections by powered 
shunts. Each section is for a 
particular size of apple, and 
serves as an accumulating system 
for the packer. Because each 
shunt is movable, it is possible 
to adjust the amount of belt sur- 
face allotted to each size. 

Apples circulate on the belts, 


transferring from one to the other, BN- 7504 
until they are removed by the 
packer. Figure 2.--Drum-type box dumper showing 
friction-chain conveyor and empty-box 
Eliminator.--A chain-type take-away conveyor. 


sizer for removing small or pee- 

wee size fruit. This chain sizer is installed in the first take-away belt from 
the sizer (fig. 1). Apples under 2-1/4 inches fall through the eliminator 

onto a belt conveyor; the conveyor then delivers them to an automatic box 
filler. When the chain eliminator is made a part of this take-away belt, 

only a small part of the fruit must travel over it, whereas all the apples 

ride over the eliminator when it is located between the dumper and sorting 
table. In the experimental line, those apples that ride over the eliminator 
are all small and the least susceptible to injury. 


Utility belt.--For removing utility grade apples after they are taken 
from the sorting table (fig. 5). A 10-inch wide belt over the sorting table 
receives utility fruit from the sorters. This belt delivers the apples to 
another belt running at right angles and on a downgrade, which in turn 
delivers the fruit to an automatic box filler. A 4-inch belt mounted 12 inches 
above the return-flow belt connects with the utility belt. The cell-packer 
places utility-grade apples on this 4-inch belt, which returns them to the 
utility-grade belt. 
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Figure 3.--Sorting table with 6 sorting stations (only 4 in 


Two utility-grade removal belts are over center of 


use). 
Note cull chutes at side of 


table, but only one in use. 
table, and lane dividers. 
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Figure 4.--Dimension-type sizer. Singulator permits only one apple 
in a cup. As cups spread apart apples fall through onto take-away 


belts. 
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Automatic box fillers are used to jumble-fill boxes at rates up to 
450 boxes per hour without the use of manual labor. The box is automatically 
positioned, tilted up, filled with fruit, and discharged from the box filler. 
The only labor required is for supplying empty boxes and removing the full 
ones. This equipment was used to box both cull and utility-grade apples. 
Figure 6 shows a box filler in use. 


COST OF PACKING WITH THE EXPERIMENTAL LINE 


The evaluation of a packing line must take into consideration the cost 
of moving a given quantity of fruit through the dumping, sorting, sizing, 
and packing operations. There are other costs, such as management, super- 
vision, heating, or housekeeping, that are at least partly chargeable to the 
packing operation. However, such costs vary widely between plants, and are 
more likely to reflect the effects of localized conditions rather than the 
effectiveness of the packing method and equipment. Consequently, only the 
costs of direct labor and equipment are included in this analysis. 


Assumptions Used in Computing Costs 


To compute packing costs, it is necessary to assume a set of conditions 
relating to the volume of fruit both dumped and packed, the rate at which 
apples are dumped, and wage rates of workers. The conditions assumed here 
represent those which might be found in an average-size packing plant in the 
New York-New England area. 


These conditions will probably never occur together in a packinghouse. 
However, use of a reasonable set of assumptions permits individual packers 
to estimate what the cost of such operations would be in their own plants. 
The following assumptions were used in computing the cost of packing with 
the experimental line having a dumping rate of 50,000 boxes per year or 
900 boxes per day and having a wage rate (to include overtime, bonuses, 
insurance, social security payments, and other fringe benefits) of $1.25 per 
hour: 


Weight of apples in different containers: Pounds 
Nowtheasit, box.) Orchard cum) 20 cies) 16 elicit eion sits) s) 16 38 
Comm packnm Carton a oi) oi Mellel ile tient)! oi) cer feulohiien to iiellie)) elise 37 
Utility grade in jumble-pack . .......e.c.e 40 
Culliverade-in) jumble=packs) 5 5). ea. ie 616 6 6 40 
Bagged apples in master carton ... ..o « o e © o 38 
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Covel pacers miei tonal MiciteuieMrsH cilieil owen) ie cals, tenis). ae 60 
Utility grade (jumble-pack). ........ee«e 25 
CulloradenGiumbile=-pack)/.) oi ceileiie: fe) ee «6 st:0- oe 5 
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Figure 5.--Belt system for disposing of utility grade apples. Apples from 
the sorting table ride under the retarding drape; those returned by 
packers are on the narrow belt in foreground. Note elevating conveyor 
and belt (left center) for removal of culls. 
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Figure 6.--Automatic box filler in position and receiving apples from 
the utility grade disposal belt. 


= 510. 


Number of containers packed annually: Number 


Cole packemCartOnycie)) sisi cls sells ie sic «66 o 1s 1.16) .¢ 30,810 
Verity grade) Giumbilie=pack)) << c+. 5 2) 3. 6 so 11,875 
Cullliterade Gumbille-pack)) (oo. eii'sis'si so ele 6 et ete 16 2,375 
Master cartons of bagged apples . ........ee. 5,000 


Cost of Labor 


Labor requirements for performing each of the packing operations were 
determined by time study. Productive effort of the workers was measured, 
and then adjusted to normal working levels. Also, when the skill of a worker 
was noticeably different from the norm for the operation he was performing, 
his recorded time was adjusted accordingly. To the time values so derived, 
an allowance for personal requirements and fatigue was added. These allowances 
were based on the nature of the work performed. Setting down full boxes for 
the dumper and tending box fillers were each given a combined allowance of 
25 percent, and all other work 15 percent. 


Combination U. S. Extra-Fancy and U. S. Fancy grade apples were packed in 
cell cartons, with only the largest sizes being tray packed. Smaller fruit 
was bagged, but because most of the packed apples went into cell cartons, 
cost figures were developed for this type of pack. 


Dumping 


No physical effort was expended in removing apples from the field box 
and distributing them on the spreader belt--this was all done mechanically. 
But physical effort was still required in supplying full boxes to the drum 
dumper. This task, then, became the principal responsibility of the worker. 
When it did not occupy his time, he was free to perform other duties. 


If the boxes being dumped were from controlled-atmosphere storage, the 
worker had to remove nailed slats from the boxes, take out cardboard covers, 
and place the boxes on the conveyor supplying the dumper. Removing a full 
box from the load and placing it down on the conveyor supplying the dumper 
required 0.10 man-minute per box; to remove slats and cardboard covers from 
each box required an additional 0.29 man-minute. At a dumping rate of 
112.5 boxes per hour (900 boxes per 8-hour day), 44 minutes of each hour were 
devoted to removing slats and cardboard covers and placing boxes on the con- 
veyor. This left 16 minutes, or one-fourth of the worker's time, free for 
performing other work. 


Only 11 minutes of each hour were spent by the worker in placing full 
boxes on the conveyor supplying the drum dumper. When boxes without slats 
and cardboard covers were dumped, 49 minutes of every hour were left this 
worker for other work. This was sufficient time to permit him also to operate 
the lid nailer, bring fruit from storage, and remove loads of empty boxes 
from the dumper. At a rate of 900 boxes dumped per day, labor for the 
dumping operation totaled $10 per day, or 1.1 cents per box. 
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Sorting 


Picking out of utility and cull grade apples from field-run fruit is 
done in the sorting operation. Sorters stand at the sorting table and watch 
the fruit as it rotates and moves past them. Defective apples are placed on 
the utility belt or in the cull chute. These workers are trained to spot 
defects and to distinguish grades, and their reactions become almost automatic. 


Sorters work at fixed work stations, so they cannot leave to perform 
other work while apples are passing before them. Their ability to sort 
apples properly varies with the number of sorters, the dumping rate, and the 
percent of culls and utilities in the orchard-run fruit. How well these 
workers-sort the apples can be measured by (1) the percent of culls and 
utilities left in the run-off fruit, and (2) the percent of picked-out fruit 
that was really U. S. Extra-Fancy or U. S. Fancy grade. The run-off fruit 
was cell packed and stamped a combination U. S. Extra-Fancy and U. S. Fancy 
grade. At a given dumping rate and with a fixed sorting crew, a change in 
the quality of fruit being dumped will change the number of errors made in 
sorting. These relationships were studied, and will be discussed later. 


Sorting crews of both four and six workers were tested. At $1.25 per 
hour for 8 hours, four sorters cost $40 per day, and six sorters $60 per day. 
At a dumping rate of 900 boxes per day these costs were 4.4 cents per box 
with four sorters and 6.7 cents per box with six. 


Packing Combination U. S. Extra Fancy and U. S. Fancy 
Grade Apples 


To pack a cell-type carton, the packer removed an empty carton from the 
overhead wheel conveyor and placed it down on a packing stand. The worker 
placed a cardboard pad from a nearby supply in the carton, and opened a cell- 
former from another pile and placed it in the carton so that it rested on the 
cardboard pad. With this done, the packer removed apples from the return- 
flow belt with both hands (usually two apples per hand) and placed them in 
cells. Apples were packed without inspection but any obvious off-grade fruit 
was removed. When the cells in one layer were filled, the packer inserted 
another cardboard pad and cell-former, and continued packing. When the last 
layer was filled the carton was lifted from the packing stand and set down 
on the take-away conveyor. 


Labor required to cell-pack one carton of size 120 apples this way was 
2.7/5 man-minutes: 


Man-minutes 


Position. carton onvStand) <i. 1s) cetek oto oe eu ietiie 0.13 
Place 4 cardboard pads and cell formers. ... © 259 
Place: apples: inicell si. io oe e7sniew en ol cn ea ometiols 1.94 
Remove: full .cartonisd co. c0' etch) ton ele Se elnemiew ence 09 

TOtale Sere ss 2.95 


At $1.25 per hour, the labor cost to pack one carton totaled 5.7 cents. 
If 60 percent of the fruit dumped was cell-packed into 555 cartons, the daily 
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cost of labor to cell-pack combination Extra Fancy and Fancy grade apples 
would be $31.64. This is actually a theoretical cost since to achieve it 
would require a packing crew of 3.2 workers. Thus four packers must be 
employed, and this raises the cost to 7.2 cents per carton, or $40 per day. 
Although this is more labor than is needed to cell-pack, it permits these 
workers also to take care of the bagging that must be done. 


There is another method of cell-packing in common use. With this method, 
the packer removed apples from the return-flow belt with one hand, inspected 
them for injuries and other grade requirements and then placed them in cells. 
To cell-pack 1 carton of size 120 apples this way required 7 man-minutes, or 
4.25 man-minutes more than when the packer did not reinspect each apple. 


Boxing Utility and Cull Grade Fruit 


Apples that did not meet the quality of U. S. Extra-Fancy or U. S. Fancy 
grade were removed by the sorters and deposited in the cull chute. From the 
cull chute the apples went to a conveyor which delivered them to an automatic 
box filler. Utility-grade apples were placed on the utility disposal belt 
which delivered the utility fruit, via belt conveyors and chain sizer, to one 
of two automatic box fillers. At the box filler, apples were delivered into 
boxes until a preset weight was achieved (fig. 6). At this point, the con- 
veyor stopped delivering apples until the filled box was ejected and another 
set in its place. Then the conveyor was automatically turned on and box 
filling resumed. 


Filling boxes with cull or utility grade apples was accomplished without 
the benefit of direct labor. The entire operation of filling and weighing 
was performed automatically. However, a worker was required to supply empty 
boxes to the machines and to remove full boxes from the accumulator conveyors. 
Another worker was needed to arrange the top layer of each box of utility 
apples, and to add the last few apples to fill the box. 


When dumping occurred at a rate of 900 boxes per day, and 30 percent of 
the apples dumped were cull and utility grade, a worker was busy nearly full 
time tending the box fillers. His responsibilities included supplying empty 
boxes to fillers for pee-wees, cull grades, and utility grade fruit, and 
removing full boxes from the box fillers. Im addition, he stacked empty boxes 
from the dumper, cleared jammed areas wherever they occurred, and lined boxes. 


When utility grade apples were boxed by automatic box filler, one or 
two workers topped the boxes before lidding. Normally, one worker was suffi- 
cient for this operation but when either the dumping rate was high or an un- 
usually large percentage of apples were running to utility grade, a second 
worker was used. 


Topping was done on a wheel conveyor at waist level. Jumble-filled 
boxes of utility grade fruit from the box filler were delivered to working 
height by an elevating belt conveyor. Here the topper leveled the box, arrayed 
the top apples in an orderly arrangement, added fill-in apples from a nearby 
box, and pushed the box forward toward the lidding machine. 
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On an average, topping of utility grade fruit was performed in this 
manner at a rate of 1.04 man-minutes per box. At this rate one topper can 
handle all the boxes to be topped with time to spare. Two workers--one tend- 
ing the automatic box fillers, and the other topping boxes--took care of all 
cull and utility grade apples at a labor cost of 7.8 cents per box (258 boxes 
filled, at $20 per day for 2 workers). 


Cost of Equipment 


Items of equipment which make up the experimental line have already been 
described, and labor costs associated with this line were presented in the 
previous section. To the labor costs must be added those of owning and opera- 
ting the packing line if a total cost picture for this equipment is to be 
shown. 


Table 1 gives the approximate cost of owning and operating each item of 
equipment used in the experimental packing line illustrated in figure l. 
Initial cost includes delivery to a central New England area, plus an 
installation cost of 5 percent of the purchase cost. 


Depreciation was computed on a straightline basis--initial cost divided 
by the number of years of expected life. Interest on money invested was set 
at 5 percent of the average investment, and insurance and taxes at 4 percent 
of the initial cost. An electric power rate of 2.7 cents per kilowatt hour 
was used, with the line operating 450 hours yearly. Annual cost for main- 
taining the equipment was based on experience coupled with recommendations of 
equipment manufacturers. Breaking down cost figures in this way permits a 
complete analysis of ownership and operating costs for each item of equipment. 
The complete line, including 6 packing stands, 7 power shunts, and 4 automatic 
box fillers cost $3,964.87 per year, when 50,000 boxes were dumped each year, 
at a rate of 900 boxes per day. At this rate, the cost of owning and operating 
such a line was 7.9 cents per box dumped. 


This same line, with no additional equipment, has a capacity considerably 
greater than 50,000 boxes dumped per year, or 900 boxes per day. It could, in 
fact, easily handle 150,000 orchard-run boxes, at a daily dumping rate of 
1,200 boxes. Using the line at this rate would increase its annual ownership 
and operating cost from $3,964.87 to $5,417.45 or 37 percent (table 2). This 
is because the equipment would last fewer years and more power and maintenance 
would be required. While the total annual equipment cost is greater for this 
higher volume, the unit cost is considerably less--only 3.6 cents per box 
dumped. This is 4.3 cents less per box than when only 50,000 boxes were 
dumped yearly. This comparison illustrates the importance of using equipment 
up to its capacity, so that its cost is spread over the greatest possible 
number of boxes. 


Combined Labor and Equipment Costs 


The cost of labor for packing 50,000 boxes dumped annually with the 
experimental line was 14.4 cents for each orchard-run box dumped, and the cost 
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of equipment 7.9 cents (table 3). These costs do not include equipment and 
labor for bagging apples, or placing bags in master cartons. Some additional 
equipment cost would be associated with the bagging operation, but the present 
cell packers and utility-grade topper could furnish the necessary labor from 
time that would otherwise be idle. 


Table 3.--Labor and equipment costs for performing packing operations with 
the experimental packing line--50,000 boxes dumped annually, at 900 boxes 
per day 


: : Cost 
Cost item : Crew 3: Per : Per box : Per 
wiSiizels day : dumped : container 
sNumber: Dollars Cents Cents 
Labor: : : 
DUMP UNE emieteeic tele 6) re) of os ee : 10.00 teak Lyf 1yeal 
Somer eyes eile tell + ell +) Je) 139) 10 : 60.00 6.7 L/P Oe? 
aAckine ieemewmem Mey ws: 1c! tenis ie sue eh) es 40.00 4.4 PY To? 
Boxing utilities sad Culilich ences : 20.00 Daz 3/ 7.8 
Totaldlabor . ). .2 13 Q 130.00 14.4 - 
Magalies Go 0 G6 of ob on 38 SC 3 70.80 7.9 - 
Total labor and equipment 4/.: 13 : 200.80 RSS) 


1/ Based on 900 Northeast boxes dumped daily. 

2/ Based on 555 cell type cartons packed daily. 

3/ Based on 256 Northeast boxes filled daily. 

4/ Costs for bagging apples were not developed, since no experimental 
equipment or methods were involved. 


Thirteen workers constitute the packing crew: One dumper, 6 sorters, 
4 cell packers, and 2 utility and cull grade boxers. The operation of a 
packinghouse requires bring-up men, labelers, tally clerks, load-out men, and 
others in addition to these. However, these workers were not included in 
this analysis, since their work was not directly associated with the experi- 
mental equipment which was being tested. 


Total daily cost for packing 50,000 dumped boxes per year at 900 boxes 
per day was $200.80 or 22.3 cents for each box dumped. Labor represents 
65 percent, and equipment 35 percent of this cost. 


The effect of an increased volume of apples dumped and packed with this 
equipment is illustrated in table 4. By increasing the annual volume to 
150,000 boxes dumped at a daily rate of 1,200 boxes, cost per box dumped 
would be reduced from 22.3 cents to 15.3 cents. Since the cost of equipment 
is spread over more packing days, the total daily cost would be reduced from 
$200.80 to $183.32. This would be accomplished despite a $10 increase in the 
daily cost of labor. These comparative figures are a clear example of gains 
to be realized by using equipment to its maximum capacity. 
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Table 4.--Labor and equipment costs for performing packing operations with 
the experimental packing line--150,000 boxes dumped annually, at 1,200 boxes 
per day 


: R Cost 

Cost item : Crew : Per : Per box Per 
sm SwiZeies day : dumped : container 
: Number: Dollars Cents Cents 


Labor: 
PUMP TS we posure vistas i ceemnetlomseuns 1 0 
SOGELMG) oss; oan omc oe etre: camels. 6 5 
Celeepack ine jecsn cuseie caren venboancrrs.s De O.00 4. 
2 i 
4 1 


op) 
fo) 
fo) 
fo) 


Boxing utilities and culls. . .: 20.00 
LOtalelabOr.- cs esurers 1 140.00 il 


EQucapment ues... s. «ce sues ouserom ot 2 343532 3.6 - 


Total labor and equipment 4/. .: 14 : 183.32 1533 - 


1/ Based on 1,200 Northeast boxes dumped daily. 

2/ Based on 739 cell type cartons packed daily. 

3/ Based on 342 Northeast boxes filled daily. 

4/ Costs for bagging apples were not developed, since no experimental 
equipment or methods were involved. 


BRUISING, SORTING, AND SIZING TESTS 


After the line had been installed, a few weeks were allowed for the 
workers to become familiar with its operation. During this period adjustments 
and corrections were made so that each component worked properly, and the 
entire line was in synchronization. Then, when controlled-atmosphere rooms 
were opened and a good supply of fruit was assured, testing was begun. Tests 
were conducted over an extended period, and were designed to yield information 
for evaluating: (1) Amount of bruising caused by the experimental line, 

(2) number of apples misgraded, and (3) accuracy of the sizer. 


Bruising Caused by the Experimental Line 


Each component of the line was tested separately, and then the entire 
line as a unit. Only bruise-free McIntosh variety apples were used, so that 
the number and severity of resulting bruises could be determined. In all, 
nine different components were tested, utilizing nearly 5,000 bruise-free 
apples of varying firmness. Im selecting test apples, several lots of incoming 
fruit were sorted through until sufficient bruise-free apples were found to 
permit a valid test of the component. Figure 7 shows how each apple was 
examined individually to assure that only bruise-free fruit was used in the 
bruise tests. 
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Determining Firmness of Test Apples 


Firmness of the test apples was deter- 
mined by a Magness-Taylor pressure gauge 
(fig. 8). With this device, a plunger with 
a diameter of 7/16-inch was inserted into 
the flesh of an apple where the peel had 
first been removed. The resistence of the 
apple, measured in pounds, registered on a 
scale in the handle of the tester. The 
harder the fruit, the greater its resistence, 
and the more pounds it registered on the firm- 
ness scale. Firmness of the fruit was prob- 
ably the most important single factor in 
determining the amount and severity of bruis- 
ing that an apple incurred in the packing 
operation. The evidence indicates a firmness 
index--around 10 or 11 pounds--below which 
apples cannot safely be handled mechanically. 
In fact, it is questionable if such soft 
apples can be safely handled by any means. 


Criteria for Evaluating Bruise Damage 


| BN- 7506 
Bruises were classified as either slight, 
moderate, or severe. This permitted the Figure 7.--Test fruit was 
extent of each bruise as well as the number selected by careful exami- 
of bruises to be tabulated. A definition nation of each apple to 
of each bruise classification as used in assure that it was free of 


this study appears below: bruise. 
Slight Bruising - (Applies to U. S. Extra-Fancy Grade) 
a. Bruises of slight depth with a single bruise exceeding 
1/2" in diameter or an aggregate area of bruises exceeding 
3/4" in diameter. 
b. Bruises of lesser area more than slight depth or soft. 
(Slight depth means not over 1/8") 
Moderate Bruising - (Applies to U. S. Fancy and U. S. No. 1 Grades) 
a. Bruises of moderate depth with a single bruise exceeding 
3/4" in diameter or an aggregate area of bruises exceeding 
1" in diameter. 


b. Bruises of lesser area more than moderate depth or soft. 


(Moderate depth means not over 1/4") 
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Serious Bruising - (Applies to U. S. Utility Grade) 


a. Bruises that are more than moderate depth with a single 
bruise exceeding 1" in diameter or an aggregate area of 
bruising exceeding 1-1/4" in diameter. 


b. Bruises of lesser area that are deep or soft enough to 
affect the quality of the apple. 


(Deep bruises mean those that are over 1/4") 


Note: The terms are applied to individual specimens and based 
= on medium size apples (125 to 160 count or 2-5/8" to 
3'' in diameter); greater or lesser amounts are allowed 
according to the sizes of the apples. 


BN-7513 
Figure 8.--Worker measuring firmness of an apple with 


a Magness-Taylor pressure tester. 


In testing a component of the line, a lot of bruise-free apples was 
"run-through" the component in the same manner as regular fruit. Apples 
were set down gently at the beginning of the test, and carefully removed at 
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the completion. Any bruising that appeared could then be attributed to a 
specific component of the line. 


After completing a test run, the fruit was recovered and set aside at 
room temperature for a period of 24 hours. When this period had elapsed each 
apple was examined, and the number of apples bruised, together with the 
severity of their bruising, was recorded. The results are summarized in 
table 5. In some cases, test lots comprising apples of varying degrees of 
firmness were used, so that the relationship between fruit firmness and 
amount of bruising could be determined. 


Conducting Bruise Tests 


Orchard run fruit was dumped by the drum dumper, carried across the leaf 
eliminator, and passed over the sorting table. U. S. Fancy and better apples 
continued through the singulator and sizer and traveled on the return-flow 
belt; utilities were placed on the utility disposal belt and were collected by 
automatic box fillers. Each component was tested individually with bruise-free 
apples to determine the amount of bruising it caused, and then they were 
tested together as a complete line. 


Dumper.--Field crates of bruise-free McIntosh apples were placed down 
on the friction-chain conveyor which delivered them to the drum dumper. 
Arms on the dumper picked up the crates and carried them through the complete 
dumping cycle. Each field crate was full, but no fruit extended above the 
top of the crate. As apples dropped from the crate they scattered onto the 
spreader belt, from which they were recovered and carefully placed in boxes 
for holding. Fruit did not go onto the eliminator. 


One lot of apples tested had an average firmness of only 9-10 pounds, 
and 5.6 percent of them were bruised. Of these, 1.6 percent were bruised to 
a moderate degree, probably by an occasional top apple wedging between the 
crate edge and rubber V-belts; or by an apple being pressed against the 
V-belts as the crate was inverted. When fruit testing 16 pounds was dumped, 
only 0.3 percent were bruised, and then only slightly. During a day's run, 
overfilling of crates was probably responsible for most of the bruising that 
took place in the dumping operation. 


Leaf eliminator.--Apples were set down on the spreader belt following 
the dumper and recovered at the discharge end of the eliminator. Fruit 
testing 15 pounds was used to test this component. Only 1 percent of these 
apples bruised, and then only to a slight degree. 


Sorting table.--Bruise-free apples were introduced at the head of the 
sorting table, traveled the length of the table (14 feet), and were recovered 
after they left the brusher (which was not in operation), and had rolled out 
onto the spreader belt supplying the singulator. During the test, rollers 
were rotating at 94 revolutions per minute, and the rate of translation was 
30 feet per minute. 
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Table 5.--Results of bruising tests on individual components of the experimental 
packing line 


: Firmness : Percentage of apples that 
{Of f£ruLteec were bruised 1/ 
Equipment tested : when : Slight : Moderate : 
3 testedyicibrudsing: ss bruisineyse Lota 
Pounds : Percent Percent Percent 
Dumper: 2 3 
GO) Li sites) ce pon soul sa ela Shs ee ehee ae LOO : O23 0 0.3 
sO 2 ere wreseaed Seacrest Talk Set iey Acie areas a : 4.9 0 4.9 
LOC 3x6) ete oc) sia creche ope om cence wea), ; 4.0 1.6 D6 
Leat: eliminator: esr sy 7, 0 or ee se LO : LO, 0 1.0 
Sorting table: 3 
BOE Ts coms. siulette s chic: oteae elite mewn Ly/ nO) : 0 0 0 
LOG.) 2. “a, s carsVots site sion or inate) recente E IO : sy) 0 4) 
Singulator and) sizer. ossere o ser al ae : 1.0 0 1.0 
Return flow belt: 2 : 
Apples on belt for 5 minutes : : 
at LL pels Co Meise tcc rset ae ey, : 8 0 8 
Apples on belt for 10 minutes : 3 
at. 2 Fo pM Ver us ve eteomenioieie e LO oO ‘ 3.0 0 3.0 
Complete line--dumper to return- : : 
flow belt: : = 
Apples on return-flow belt for : : 
2 minutes: : : 
LOE 1s, aie sae hen eur enbeme race store SO : 1.4 0 1.4 
Oty 2 eS) A cictohenet sae a roere Weere ee eL Chor 26 0 2.3 
Utility grade disposal belt. ...: 14.5 : 4.8 0 4.8 
Utility grade'chainsizer a0)... ise lo sD : 3.0 0 3.0 


Automatic box filler: ; 
LOE Ure is: as hee tetas. cas Seen ret otnen oe OD Dien: 2k 
TOtt 2 tee ones ie. a ease ete ee Mas ies cee ae : 4.7 o2 4.9 
TOE Seton ber enaer weui(hre wemters vera emake 955 Syoal 6.4 


1/ After apples held at room temperature for 24 hours. 
2/ Pressure test not taken, but fruit was soft, probably 9-10 pounds. 


One lot of fruit testing 14 pounds, and another testing 17 pounds were 
used to test the table. With apples testing 14 pounds bruising amounted to 
only 0.9 percent, and it was all slight. Apples testing 17 pounds showed no 
bruising at all. 
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Singulator and sizer.--These two components were tested together. 
Retarders of 1/4-inch sponge rubber slowed apples as they moved from the 
spreader belt onto the singulator, and the same material was used to pad 
dividers under the sizing cups. Bruise-free apples were placed down on the 
spreader belt which delivered them to the singulator, from which they dropped 
into sizing cups. Apples dropped through the cups and were recovered from 
take-away belts as they came from under the sizer. A bruise-free lot of 
fruit with a pressure test of 14.5 pounds was used in the test. Bruising, 
all slight, occurred on 1 percent of the apples. 


Return-flow belt.--The number of revolutions apples make on a return- 
flow belt directly influences the amount of bruising that will occur. Two 
separate tests were conducted, with power shunts used in both cases. The 
inside belt traveled at 23.5 feet per minute, and the outside belt at 
20 feet per minute. One lot of relatively soft fruit was left on the belt 
for 5 minutes, where the apples averaged 5 revolutions. Bruising amounted to 
only 0.8 percent. The second lot was left 10 minutes, and the apples averaged 
20 revolutions. Three percent of these apples, testing at 10 pounds, were 
bruised. With both lots the degree of bruising was slight. 


Utility disposal belt.--Fruit removed from the sorting table as U. S. 
Utility grade was released onto a conveyor belt located over the center 
section of the table. Fruit traveled 28 feet per minute to the end of this 
conveyor where it dropped 2 inches onto a declining belt conveyor. This con- 
veyor carried the apples to a third and horizontal conveyor, which carried 
them to a stationary metal shunt. This Systemwas shown in figure 6. A series 
of retarding drapes installed along the declining portion of the system pre- 
vented apples from rolling too fast, and striking the metal shunt. 


To test this equipment, bruise-free apples with a firmness of 14.5 pounds 
were used. They were set down on the conveyor over the sorting table, and 
transferred to the declining belt conveyor, which carried them down and 
transferred the fruit to the horizontal belt conveyor. At this point they 
were recovered and set aside. After 24 hours, 4.8 percent of the apples showed 
bruising, which was all slight. 


Chain sizers.--Two chain sizers were installed as a part of the. utility- 
grade handling system. Running apples over the chain sizers added some 
bruises to the fruit, but it was desirable to divide utility apples according 
to size. Test fruit, with a firmness of 15.5 pounds, was introduced immediately 
before the chain sizer, and recovered after it had dropped through onto the 
take-away belt. Bruising, all slight, was found on 3 percent of the apples 
tested. 


Automatic box fillers.--To test this box filler for bruising, apples 
were placed on the take-away belt under the chain sizer, from which they 
were delivered into the boxes. When a box was full, it was automatically 
ejected, a new box fell into position, and the process continued until all 
test apples were used. Filled boxes were recovered from the accumulator 
conveyor, so that the test included all elements associated with automatic 
box filling. 
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Bruise testing was performed with three lots of bruise-free apples. 
One lot consisted of relatively soft apples, averaging only 9.5 pounds by 
pressure test. Even with such soft fruit, bruising was found on only 6.4 per- 
cent of the apples tested. Slight bruising totaled 5.1 percent, and 1.3 per- 
cent of this fruit was bruised moderately. No bruising was found in 
93.6 percent of the apples. 


The second lot tested had a firmness of 14.5 pounds. Bruising amounted 
to 4.9 percent, of which 4.7 percent was slight, and 0.2 percent moderate. 


Relatively firm fruit at 15.5 pounds by pressure test showed only 
2.1 percent of the apples to be bruised, and this bruising was all slight. 


Complete line for U. S. Extra-Fancy and U. S. Fancy grade apples.--Bruise- 


free fruit was run over the entire line in two different tests. Beginning 
with the dumper, apples moved across the leaf eliminator, over the sorting 
table, into the singulator and sizer, and out onto distributor belts and the 
return-flow belt. They were left on the return-flow belt for 2 minutes, then 
recovered and set aside to be examined after 24 hours at room temperature. 

Lot No. 1 had an average firmness of 17 pounds, and after 24 hours 1.4 percent 
of the apples were bruised. Lot No.. 2 tested 14.5 pounds, and showed 2.3 per- 
cent bruising. In both cases, the bruises were all slight. 


Conclusions 


Bruise testing was done with fruit that had been in controlled-atmosphere 
storage for 6 months, as well as with fresh-harvested fruit. Apples used in 
the tests had firmness indices that ranged from 9 to 17 pounds, permitting the 
effect of firmness (or softness) to be studied. 


Importance of fruit firmness at the time of handling is illustrated by 
the results of tests conducted on the same component of the line, but with 
fruit of different firmness. In every case, the softer the fruit the more it 
was bruised. 


The dumper and utility grade disposal belt caused the most bruising, and 
the sorting table the least. Bruising on the return-flow belt was proportional 
to the length of time apples were on the belt and the number of revolutions 
they made. Large fruit bruised more easily than small fruit. All this 
suggests that apples should not be left on the return-flow belt any longer 
than necessary--particularly the large apples. It would probably be better to 
stop the line occasionally and clean off the belt rather than leave fruit 
rotating on the return-flow belt. 


The automatic box fillers had a remarkably low bruise count, which shows 


that even tender apples can be jumble-packed mechanically without excessive 
bruising. 
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Sorting with the Experimental Line 


The table on which apples were sorted was of a new design (fig. 3). It 
looked much like the well-known wooden-roller type table but in performance 
was quite different. The rollers were aluminum, 2-3/8 inches in diameter, 
and spaced 3 inches on center. Unique features of this sorting table were: 
(1) Independently controlled rate of translation, (2) independently controlled 
rate and direction of rotation, (3) table surface divided into lanes, (4) cull 
disposal chutes located at side of table--one for each sorter, and (5) brusher 
located at discharge end of table, so that apples were sorted before brushing. 


During the testing period rollers traveled at 30 feet per minute, and 
rotated in a reverse direction at 94 revolutions per minute. By rotating the 
rollers in a reverse direction, apples were caused to roll in a forward 
direction. It had been established in other research that objects are easier 
to sort when they rotate forward. 1/ 


At a roller rotation rate of 94 r.p.m. an apple measuring 2-3/4 inches 
in diameter would rotate 8 times while in a sorter's field of vision. Smaller 
apples would rotate more times, and larger apples fewer. This rate of rotation 
offered ample opportunity for a sorter to detect a defect on an apple--if the 
defect were on a visible part of the apple's surface. After detecting and 
removing a defective apple, the sorter then had to decide if it were utility 
or cull grade, and dispose of the apple accordingly. 


Tests were conducted to determine whether the complete sorting job 
could be performed at the sorting table, so that packers would not have to re- 
inspect the apples before packing them. If this could be done, productivity 
of the packers would be more than doubled. But for such a sorting procedure 
to be successful, no more off-grade apples could go into packed fruit than did 
when each apple was individually reinspected by its packer. 


Test samples were taken of fruit (1) at the dumper, (2) after it had 
been passed by the sorters, (3) in cartons of packed combination U. S. Extra- 
Fancy and U. S. Fancy apples, and (4) in boxes of jumble-packed utility fruit. 
By sampling at each of these points, it was possible to evaluate the effective- 
ness of the sorting performed at both the sorting table and the packing stations. 


Sorting at the Sorting Table 


In this operation, sorters removed some two-thirds of the utilities, and 
virtually all of the culls. The actual percentages depended on the number of 
sorters, dumping rate, and percent of lower-grade apples in the orchard-run 
fruit. In addition to removing the lower grade apples, sorters also separated 
culls and utilities, so that these two grades could be boxed separately. 


. 1/ Malcolm, D. G., and DeGarmo, E. P. Visual Inspection of Products for 


Surface Characteristics in Grading Operations. U. S. Dept. Agr. Mktg. Res. 
Rpt. 45. June 1953. 
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Results of sorting with four and six sorters are presented in table 6. 
Dumping rates were 167 and 160 boxes per hour- Utility and cull grade apples 
together were 22.9 percent of the first lot, and 25 percent of the gecond. 

In this test, lanes were’ not used. 


Table 6.--Utility grade fruit passed as U. S. Fancy by 4 and 6 sorters, when 
lanes were not used 


: Utilities and culls : Utilities left in 


Number of sorters : Dumping : in orchard-run : run-off fruit 
S rate : fruit ° after sorting 
< :Boxes per hour : Percent A Percent 
Gee eet 167 : 22:29 6 10.0 
Gio wie Salen es 160 : 25.0 3 6.7 


With four sorters, only 56.3 percent of the utility grade apples in the 
orchard-run fruit were removed by sorters, which left 10 percent of the run- 
off fruit below grade. With six sorters, 73.2 percent of the utilities were 
sorted out so that only 6.7 percent of the run-off fruit consisted of utility 
grade apples. By adding two sorters to the sorting crew, below-grade apples 
passed by the sorters was reduced significantly. However, the dumping rate 
and percent of lower-grade fruit could not be held constant during the test 
period, so that only general comparisons are possible. 


Lanes were formed with lengths of cord, which divided each side into 
two 6-inch or three 4-inch sections. With each sorter observing only those 
apples in her lane, 18 percent fewer utility grade apples were passed as 
U. S. Fancy grade fruit. In addition to improving the quality of sorting, 
this method was preferred by the sorters. 


Sorting at the Packing Station 


When only four sorters were working, packers inspected all apples 
individually for size and quality before placing them in cells. This practice 
limited the number of cartons a packer could cell pack, and precluded the use 
of mechanical equipment in the packing operation; but it was employed to assure 
that a minimum of undergrade fruit would get into the cell packed cartons. 
"Second sorting" was studied to determine how effective it was in reducing 
the number of off-grade apples packed out. With this method, a packer picked 
an apple up from the return-flow belt, examined it, and then placed the apple 
in a cell. The data revealed that the packer's inspection of each apple before 
packing it gave no assurance that the cell-packed carton would be free of 
utility grade fruit. Even when the packer inspected each apple, the pack 
contained 6.9 percent utility grade fruit. This compares with 6.7 percent 
utilities in the packed fruit when six sorters were used and the packer did 
not reinspect the fruit. Essentially the same results were achieved with the 
jumble-boxing of utility grade fruit by automatic box fillers. With six sorters 
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no more cull apples entered the utility boxes than when there were four sorters 
and utilities were boxed by hand. 


Sizing with the Experimental Line 


Each apple was sized according to its greatest diameter. This operation 
was performed by the dimension sizer (fig. 5), which consisted of a singulator, 
sizing cups, and take-away conveyors. 


How Apples Were Sized 


As apples rolled off the sorting table they were distributed on the 
spreader belt which carried them to the singulator. The purpose of the 
singulator was to arrange apples to enter the sizer cups with their stems up, 
and with only one apple to a cup. In practice, apples settled in the cups 
in a completely random manner, but the singulator did do a good job of 
spacing fruit. After dropping off the end of the spirals, an apple would 
fall into a pocket between rubber paddles of a paddlewheel. As this device 
rotated it delivered the apple into a plastic sizing cup. 


As cups moved forward, their front and back hemispheres gradually 
separated until the apple fell through onto a take-away conveyor. The point 
at which the apple dropped through determined its size classification. The 
smallest size dropped out first; the largest size last. Six take-away belts 
delivered apples to distributor belts, which in turn delivered apples to the 
return-flow belt. Take-away belts underneath the sizers were separated from 
adjoining belts by inverted V-dividers padded with sponge rubber. 


Accuracy of the Sizer 


Results of any sizing test will reflect the precision with which each 
sizer unit was adjusted. Since there were no predetermined settings, adjust- 
ment was largely by judgment. There was no way of knowing the state of adjust- 
ment at the time samples were drawn, and the data should not be considered as 
conclusive. Samples were drawn from each of the six take-away belts. In the 
reference, the first belt refers to the one for the smallest size apples, and 
the 6th belt to the one for the largest size. The data are presented in 
table 7. 


A range in apple diameter of 1/2 inch was found with each belt, but an 
average of 79 percent of the apples from each belt were within a 1/4-inch 
range. The first belt had the greatest range, with apples from 2-1/4 to 
2-7/8 inches in diameter. Within the diameter range of 2-5/8 to 3-1/8 inches 
were 73 percent of all the apples. They appeared in about equal numbers on 
the 2nd, 3rd, 4th, and 5th belts. 


The degree to which precision sizing is necessary depends on requirements 


of individual packinghouses. In some the accuracy obtained with a dimension 
sizer will suffice; in others greater accuracy would be required. Whatever the 
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case, the sizing data presented here are for information only, since 
possible that other results would occur with different lots of fr 
different settings. 


Table 7.--Range of apple sizes from each of 6 sizing units of a dimension 
type sizer 


Diameter of 3; Take-away belt 1/ Total 
apples’ insinches)'s) -lskt si. 2nd) (set  Srdinke ee Ath iS Othe ee 6En apples 


Number of apples : Number 

2-1/4.- 2-3/8....: if : 1 
2-3/8 - ayers 19 19 
2-1/2 - SET ue 38 9 : 47 
2-5/8 - pas: 31 45 10 86 
2-3/4 - eee ll oh 42 21 2 120 
2-7/8 - fae 7 39 37 39 117 
3 - ae ae 5 34 44 30 13 
3-1/8 - Sy eee 8 15 48 71 
3-1/4 - sy ses te 20 ; 20 
3-3/8 - guess 2 2 

ie ee 100 100 96 100 100 100 ; 596 


1/ Take-away belt from which apple was removed. First belt refers to one 
for smallest fruit; 6th belt to one for largest fruit. 
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